A convenient, large-scale, and cost-efficient synthesis of 4,5diarylsubstituted N,N-diarylimidazolium salts is described. A variety of 1,3,4,5-tetraaryl imidazolium salts with increasing electron donation and steric bulk of the N-aryl groups was synthesized in good yields. In the key step, readily available N,N′-diarylthioureas and benzoin/anisoin are coupled to give imidazole-2-thiones, followed by imidazolium salt formation by oxidative desulfurization. In this way, N,N-diarylimidazolium salts with 2-methoxy, 2-methyl, and 2-isopropyl substituents could be obtained; the synthesis of their 2-tert-butyl, 2,6-dimethyl, and 2,6diisopropyl analogues failed.
N-Heterocyclic carbenes (NHCs) have attracted considerable attention as alternatives for widely used phosphine complexes in homogeneous catalysis. 3 Among them, sterically demanding and electron-rich carbenes have been successfully utilized in most catalytic transformations. Particu-larly, QSAR analysis shows that imidazolylidene ligands with the backbone carbon atoms substituted by phenyl groups most efficiently promote catalytic activity of second-generation Ru catalysts in olefin metathesis. 4 As a part of our efforts to provide access to effective metathesis catalysts, we were interested in a cost-effective and easily scalable synthesis of 1,3,4,5-tetraaryl imidazolium salts. 5 Especially, we are seeking methods and procedures that are applicable industrially, avoiding chromatographic separation.
Over the past decades, many synthetic methods for the preparation of imidazolium salts have been reported. 6, 7 Although, the first synthesis of a tetraarylimidazolium salt was established almost 50 years ago, examples of 4,5-diaryl-substituted imidazolium salts are rare. 8 Recently, one highly sterically demanding example (Ar = Mes) was reported (Scheme 1, A). 8d Most recently, an aldimine coupling followed by cyclization with formaldehyde was used for the preparation of a wide variety of 4,5-diaryl-substituted NHCs with para-substituted N-phenyl groups (Scheme 1, B). 8e,f An interesting method for formation of 1,3,4,5tetraarylimidazoles is reaction of benzyl dianil with sodium in diethyl ether followed by addition of carbon disulfide (Scheme 1, C). 8g Unfortunately, protocols A and C are not really scalable and protocol B is restricted to the preparation of imidazolium salts with para-substituents on the N-aryl groups. The 
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strategy outlined in Scheme 2 appears to be the most convenient synthetic route for the large-scale and cost-efficient preparation of 4,5-diaryl-substituted imidazolium salts with sterically demanding N-aryl groups.
A number of synthetic protocols to access 1,3-disubstituted thioureas 1 have been reported. 9 Past approaches include reaction of thiophosgene, 10 isothiocyanates, 11 and 1,1′-thiocarbonyldiimidazole 12 with amines. Recently, the direct conversion of aniline and CS 2 into thiourea 1 has been developed. 9b, 13 After initial experiments, applying different published approaches, we found that N,N-diarylthioureas 1c-i and 1m could be generated in good yields by the reaction of the amine with the CS 2 in water; whereas heating under reflux for 6 h in diglyme was required for the formation of thioureas 1j and 1k bearing isopropyl-and tert-butyl groups at the ortho-positions, respectively. Furthermore, thioureas 1a, 1b, and 1n were obtained in better yields by using the latter method. The substitution patterns of the N-aryl groups were selected on the basis of availability of the corresponding anilines on large scale, including electron-rich (c, d, e) and with increased steric demand (g-k, m, n) substrates.
It should be noted at this point that only benzoin and anisoin are commercially available; therefore, no more benzoins were used in this survey. To introduce other substitution patterns into the aryl-groups at positions 4 and 5 requires significant synthetic effort. 14 Imidazolin-2-thiones were obtained in good to excellent yields by condensation of the N,N-diarylureas with benzoin or anisoin in acetic acid, 15 although the imidazolin-2-thione 2j, bearing an isopropyl-group at the ortho-position, was isolated in reduced yield. Imidazolin-2-thiones with orthosubstituents were obtained as a pair of diastereoisomers but because the products of the subsequent oxidation, imidazolium salts 3g-4i, do not exhibit atropoisomerism we did not separate the diastereoisomers. When the condensation was attempted with thioureas 1k, 1m, and 1n, no imid-azolin-2-thiones were produced. Instead 2-[(2-tert-butylphenyl)amino]-1,2-diphenylethanone (5) was isolated (see Table 1 below). Attempts to achieve the cyclization in boiling hexanol in the presence of catalytic amounts of hydrochloric acid 16 were unsuccessful. It should be noted that attempts to form N,N-bis(2-tert-butylphenyl)-4,5-dimethylimidazolin-2-thione failed, as reported by Bach et al. 17 Interestingly, reaction of N,N′-bis(3-pyridinyl)thiourea 1l with benzoin under similar conditions in acetic acid gave 2-[(3-pyridyl)amino]-1,2-diphenylethanone (6) in excellent yield.
Oxidative desulfurization was performed using H 2 O 2 in acetic acid. The initial products of oxidative desulfurization -the hydrogen sulfates 8b,c were obtained as viscous syrups after careful removal of acetic acid. Ion exchange with NaClO 4 gave perchlorates 3a-j effectively as analytically pure compounds. A mixture of two diastereoisomers was formed in the case of ortho-isopropyl-substituted imidazolium salt 3j, as in the case of the 4,5-dimethyl analogue. 17 We expect that the carbene generated from 3j will not exhibit atropoisomerism because rotation around the N-Ar bond in the carbenes is not restricted. 17 Therefore, no further attempts to separate the diastereoisomers were undertaken. Ion exchange with BaCl 2 furnished imidazolium chlorides 4a-i. Unfortunately, desulfurization of 2j and ion exchange with BaCl 2 did not give a crystalline product; therefore, no further attempts to purify this chloride salt were undertaken.
In conclusion, we have reported a convenient, largescale and cost-efficient synthesis of 4,5-diarylsubstituted imidazolium salts with electron-rich, and sterically demanding N-aryl groups ( Table 1 ). In this way, N,N-diarylimidazolium salts with ortho-methoxy, ortho-methyl, and ortho-isopropyl substituents can be obtained; whereas the synthesis of their 2-tert-butyl, 2,6-dimethyl, and 2,6-di-isopropyl analogues failed. Scheme 2 Synthesis of 1,3,4,5-tetraarylimidazolium salts used in this work (route D) 
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All starting materials and solvents were obtained from commercial suppliers and were used without further purification. 2-Methyl-5tert-butylaniline was prepared according to the reported procedure. 18 Melting 
General Procedures for the Synthesis of Thioureas 1
General Procedure A: A stirred mixture of aniline (1 mol), sulfur (2 g), and potassium carbonate (2 g) in water (700 mL) was heated to 80 °C, carbon disulfide (0.6-1.0 mol) was added dropwise over 60 min and the mixture was then heated to reflux for 6 h. After cooling to ambient temperature, the precipitated product was filtered off, washed with 1 M hydrochloric acid, then with water, sucked as dry as possible and the crude product was recrystallized from boiling ethanol.
General Procedure B: A mixture of 2-isopropylaniline (135.0 g, 1 mol), sulfur (1 g), and potassium carbonate (2 g) in diglyme (1 L) was heated to 80 °C, then carbon disulfide (38 g, 0.5 mol) was added over 1 h. The mixture was then slowly heated to 180 °C (bath temperature) and stirred at this temperature for 6 h. The reaction mixture was then allowed to cool overnight to ambient temperature. The precipitate was filtered off with suction, washed with 1 M hydrochloric acid, then with water, sucked as dry as possible, washed with hexane and dried in vacuum.
General Procedure for the Synthesis of Imidazolin-2-thiones 2
Benzoin/anisoin (0.1 mol) and N,N′-diarylthiourea (0.1 mol) were heated to reflux in glacial acetic acid (150 mL) for 6-16 h and the mixture was then allowed to cool to ambient temperature. EtOH (50 mL) was added and the suspension was stirred in an ice bath to complete the precipitation. The precipitated product was filtered off with suction, washed with ethanol, then diethyl ether, and dried in vacuum.
General Procedure for the Synthesis of Perchlorates 3 CAUTION: PERCHLORATES ARE POTENTIALLY EXPLOSIVE AND SHOULD BE TREATED
AS POTENTIALLY HAZARDOUS COMPOUNDS.
To a solution of imdiazolin-2-thione 2 (0.1 mol) in glacial acetic acid (200 mL), 35% aqueous H 2 O 2 (34 mL, 0.4 mol) was added dropwise, allowing the temperature to rise to 50 °C, leading to a slightly turbid mixture that was subsequently stirred at ambient temperature for 4 h. All volatiles were removed by rotary evaporation (CAUTION: Do not evaporate to dryness. When preparing larger volumes, it is critical to ensure that any excess of hydrogen peroxide is destroyed before workup; otherwise, explosive decomposition may occur). The residue was dissolved in MeOH (200 mL) and treated with a solution of NaClO 4 (28.1 g, 0.2 mol) in a 2:1 (v/v) mixture of methanol/water (200 mL). A white solid precipitated upon additional stirring in an ice bath. The precipitate was filtered off and washed with water, diethyl ether and dried at r.t. in vacuum.
General Procedure for the Synthesis of Chlorides 4
Hydrogen peroxide (35%; 53 mL, 0.65 mol) was added dropwise to a stirred suspension of imidazolin-2-thione 2 (0.2 mol) in glacial acetic acid (200 mL). An exothermic reaction occurred with the reaction mixture reaching 60 °C at the end of the addition and the solution was stirred for a further 4 h. All volatiles were removed by rotary evaporation (Caution: Do not evaporate to dryness. When preparing larger volumes, it is critical to ensure that any excess of hydrogen peroxide is destroyed before workup; otherwise, explosive decomposition may occur) and the residue was dissolved in MeOH (500 mL). A solution of BaCl 2 (97.7 g, 0.4 mol) in water (200 mL) was added, and the suspension was filtered with suction through a G4 glass sinter covered with Celite®. The filtrate was evaporated and the residue was extracted with dichloromethane (3 × 100 mL). The combined organic layers were dried over MgSO 4 , filtered, and the filtrate evaporated. The residue was triturated with diethyl ether, the solid product was filtered with suction, washed with diethyl ether, and dried in vacuum. 19 According to GP B, the reaction of ethyl 4-aminobenzoate (82.6 g, 0.5 mol) and carbon disulfide (45 mL, 0.75 mol) and recrystallization from boiling water afforded 1a. An analytically pure sample was obtained by recrystallization from ethanol. 
N,N′-Bis(4-ethoxycarbonylphenyl)thiourea (1a)
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1,3-Bis(4-ethoxycarbonylphenyl)-4,5-diphenylimidazolin-2-thione (2a)
Reaction of thiourea 1a (44.0 g, 0.12 mol) and benzoin ( 20, 21 According to GP B, reaction of 4-bromoaniline (86.0 g, 0.5 mol) and carbon disulfide (45 mL, 0.75 mol), afforded 1b. An analytically pure sample was obtained by recrystallization from ethanol.
N,N′-Bis(4-bromophenyl)thiourea (1b)
Yield: 85% (81.8 g); mp 188-189 °C (Lit. 20 NMR spectroscopic data for 1b match those previously described. 21 
1,3-Bis(4-bromophenyl)-4,5-diphenylimidazolin-2-thione (2b)
Reaction of thiourea 1b (77.22 g, 0.2 mol) and benzoin (42.42 g, 0.2 mol) in acetic acid (200 mL 
1,3-Bis(4-bromophenyl)-4,5-diphenylimidazolium Chloride (4b)
Reaction of imidazolinethione 2b (22.49 g, 40 mmol) and H 2 O 2 (12 mL, 35%) in acetic acid (100 mL) afforded product 4b after crystallization from CH 2 Cl 2 /EtOAc. Yield: 73% (16.5 g); mp 292-293 °C (dec.). IR (ATR): 2970br, 1547s, 1483s, 1249m, 1017s, 830s, 750s, 695s cm -1 . [22] [23] [24] According to GP A, reaction of p-anisidine (123.2 g, 1 mol) and carbon disulfide (33 mL, 0.55 mol), afforded 1c after recrystallization from EtOH.
N,N′-Bis(4-methoxyphenyl)thiourea (1c)
Yield: 78% (224.9 g); mp 194-195 °C (dec.) (Lit. 188-189 °C, 22 198 °C 23 NMR spectroscopic data of 1c match those previously described. 24 
1,3-Bis-(4-methoxyphenyl)-4,5-diphenylimidazolin-2-thione (2c)
Reaction of thiourea 1c (34.41 g, 0.12 mol) and benzoin (25.2 g, 0.12 mol) in acetic acid (100 mL) for 11 h and crystallization of the resultant product from EtOH afforded 2c. 
1,3-Bis(4-methoxyphenyl)-4,5-diphenylimidazolium Chloride (4c) 8e
Reaction of imidazolinethione 2c ( 22 According to GP A, reaction of N,N-dimethyl-p-phenylenediamine (50.0 g, 0.37 mol) and carbon disulfide (12 mL, 0.2 mol), followed by recrystallization from EtOH afforded 1d.
N,N′-Bis(4-dimethylaminophenyl)thiourea (1d)
Yield: 72% (41.9 g); mp 189-190 °C (dec.) (Lit. 22 
1,3-Bis(4-dimethylaminophenyl)-4,5-di(4-methoxyphenyl)imidazolin-2-thione (2d)
Reaction of thiourea 1d (31.45 g, 0.1 mol) and anisoin (27. 
1,3-Bis(4-dimethylaminophenyl)-4,5-di(4-methoxyphenyl)imidazolium Perchlorate (3d)
Reaction of imidazolinethione 2d (10.4 g, 20 mmol) and H 2 O 2 (6 mL, 35%) in acetic acid (90 mL) afforded, after crystallization from methanol, product 3d. An analytically pure sample was obtained by recrystallization from CHCl 3 /MeOH. 
1,3-Bis(4-dimethylaminophenyl)-4,5-di(4-methoxyphenyl)imidazolium Chloride (4d)
Reaction of imidazolinethione 2d (12. N,N′-Bis(3,5-dimethylphenyl)thiourea (1e) 25 According to GP A, reaction of 3,5-dimethylaniline (121.2 g, 1 mol) and carbon disulfide (42 g, 0.55 mol), after recrystallization from EtOH (800 mL) afforded 1e. NMR data were in accordance with those described. 25 
1,3-Bis(3,5-dimethylphenyl)-4,5-diphenylimidazolin-2-thione (2e)
Reaction of thiourea 1e (67.5 g, 0.25 mol) and benzoin (53.0 g, 0.25 mol) in acetic acid (100 mL) for 10 h afforded 2e. Anal. Calcd for C 31 H 28 N 2 S: C, 80.83; H, 6.13; N, 6.08; S, 6.96. Found: C, 79.95; H, 6.11; N, 5.95; S, 7.32.
1,3-Bis(3,5-dimethylphenyl)-4,5-diphenylimidazolium Perchlorate (3e)
Reaction of imidazolinethione 2e (37.1 g, 80 mmol) and H 2 O 2 (28 mL, 35%) in acetic acid (150 mL) afforded 3e. An analytically pure sample was obtained by recrystallization from CHCl 3 /Et 2 O. 
1,3-Bis(3,5-dimethylphenyl)-4,5-diphenylimidazolium Chloride (4e)
Reaction of imidazolinthione 2e (6.9 g, 15 mmol) and H 2 O 2 (5.3 mL, 35%) in acetic acid (50 mL) afforded 4e.
Yield: 54% (3.77 g); mp 222-224 °C (dec.). 1719m, 1540m, 1256m, 1022m, 859m, 690s 1,3-Bis(3,5-dimethylphenyl)-4,5-di(4-methoxyphenyl) 26 According to GP A, reaction of o-anisidine (61.53 g, 0.5 mol) and carbon disulfide (22.8 g, 0.3 mol), after recrystallization from EtOH (200 mL) afforded 1g.
IR (ATR):
N,N′-Bis(2-methoxyphenyl)thiourea (1g)
Yield: 56% (39.4 g); mp 136-137 °C (Lit. 26 
1,3-Bis(2-methoxyphenyl)-4,5-diphenylimidazolium Chloride (4g)
Reaction of imidazolinethione 2g (18.57 
N,N′-Bis(2,4-dimethylphenyl)thiourea (1h) 9b
According to GP A, reaction of 2,4-dimethylaniline (65.0 g, 0.5 mol) and carbon disulfide (30 mL, 0.5 mol), after recrystallization from EtOH (300 mL) afforded 1h. 17, 139.17, 135.96, 133.53, 131.88, 130.17, 129.41, 129.04, 128.18, 128.16, 127.56, 21.28, 18.16. Anal. Calcd for C 31 H 28 N 2 S: C, 80.83; H, 6.13; N, 6.08; S, 6.96. Found: C, 80.54; H, 6.15; N, 5.96; S, 6.95.
1,3-Bis(2,4-dimethylphenyl)-4,5-diphenylimidazolium Perchlorate (3h)
Reaction of imidazolinethione 2h (9.12 g, 20 mmol) and H 2 O 2 (7 mL, 35%) in acetic acid (50 mL) afforded 3h. 
1,3-Bis(2,4-dimethylphenyl)-4,5-diphenylimidazolium Chloride (4h)
Reaction of imidazolinethione 2h (4.61 g, 10 mmol) and H 2 O 2 (3.5 mL, 35%) in acetic acid (25 mL 
PSP Syn Open
N,N′-Bis(2-methyl-5-tert-butylphenyl)thiourea (1i)
According to GP A, reaction of 2-methyl-5-tert-butylaniline (194.0 g, 92%, 1.1 mol) and carbon disulfide (79 g, 1 mol), after recrystallization from 90% EtOH (600 mL) afforded 1i. 
1,3-Bis(2-methyl-5-tert-butylphenyl)-4,5-di(4-methoxyphenyl)imidazolin-2-thione (2i)
Reaction of thiourea 1i (29.5 g, 80 mmol) and anisoin (21.8 g, 80 mmol) in acetic acid (400 mL) for 22 h, followed by purification by column chromatography using hexane-EtOAc (5:1) afforded 2i as a mixture of two isomers (1:1 
1,3-Bis(2-methyl-5-tert-butylphenyl)-4,5-di(4-methoxyphenyl)imidazolium perchlorate (3i)
H 2 O 2 (52 mL, 35%) was carefully added to the reaction solution of imidazolinethione 2i (150 mmol) in acetic acid (250 mL) from the previous step. The temperature was allowed to rise to 60 °C and the mixture was stirred at ambient temperature for 4 h. All volatiles were removed by rotary evaporation and the residue was dissolved in MeOH (200 mL) and treated with a solution of NaClO 4 (28.1 g, 0.2 mol) dissolved in a 2:1 (v/v) mixture of methanol/water (200 mL). A white solid precipitated. The suspension was further stirred in an ice bath and the precipitate was then filtered off and washed with water, diethyl ether and dried in vacuo to obtain product 3i. 
1,3-Bis(2-methyl-5-tert-butylphenyl)-4,5-di(4-methoxyphenyl)imidazolium Chloride Methanol (4i)
Reaction of imidazolinethione 2i (36. 29 
N,N′-Bis-(2-isopropylphenyl)thiourea (1j)
According to GP B, reaction of 2-isopropylaniline (135.0 g, 1.0 mol) and carbon disulfide (42 g, 0.55 mol) in diglyme (200 mL), after recrystallization from MeOH (800 mL) afforded 1j.
Yield: 56% (100.3 g); mp 157-158 °C. IR (ATR): 3250-3050br, 1531s, 1498s, 1258s, 767m, 573s cm -1 . 
1,3-Bis-(2-isopropylphenyl)-4,5-diphenylimidazolin-2-thione (2j)
Reaction of thiourea 1j (9.77 g, 20 mmol) and benzoin (16.97 g, 80 mmol) in acetic acid (50 mL) for 17 h afforded 2j as a mixture of two isomers (2:1).
Yield: 31% (12.1 g). 1 H NMR (600 MHz, DMSO-d 6 ):  (major isomer) = 7.37-7.30 (m, 6 H), 7.23-7.18 (m, 2 H), 7.16-7.07 (m, 10 H), 2.79 (hept, J = 6.8 Hz, 2 H), 1.19 (d, J = 6.8 Hz, 6 H), 0.98 (d, J = 6.9 Hz, 6 H). 13 C NMR (151 MHz, DMSO-d 6 ):  (major isomer) = 166. 16 NMR spectroscopic data for 1n matched those previously described. 30 
